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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the rush current prevention circuit which restricted 

the rush current to constant- voltage-power-supply equipment and the capacitor of during starting. 

[0002] 

[Description of the Prior Art] as shown immediately after powering on at drawing 7 (a), the excessive charging current IC 
flowed into the capacitor C for ripple absorption connected to the output side through the output transistor Q, and when the 
output transistor Q generated heat for this reason or there was no stability of the power supply El 1 connected to the input of 
constant- voltage-power-supply equipment well, with the constant-voltage-power-supply equipment by the conventional 
technology shown in drawing 5 , the fault of having a bad influence on this had occurred 

[0003] Capacitor C is absorption and output voltage VOUT of a ripple. A mass thing is used for stabilization. It is the charge 
charge QC of a capacitor as known well. Capacity of a capacitor is set to C and it is proportional to voltage and capacity by 
V, then QC =C-V about the voltage impressed. On the other hand, the charging current IC It is expressed with IC(t) =dQC / 
dt, and a high current flows into Capacitor C, so that the capacity of the voltage and the capacitor which are impressed is 
large. 

[0004] JP,6-4157,A has invention of a publication as a circuit which solved the above troubles. This circuit operation is 
explained using drawing 6 and drawing 8 . In order to suppress the rushes current of a power up as shown in drawing 7 (a) in 
invention given in JP,6-4157,A, it is output voltage VOUT. It is coped with by considering as a loose thing, without 
considering as a steep thing as shown in drawing 7 (b). Therefore, the reference voltage VC given to a comparator circuit 24 
is created by the integrating circuit which consists of resistance R20 and a capacitor C21. It is [0005] until the voltage VC of a 
capacitor C21 reaches zener voltage, since a capacitor C21 is charged through resistance R20 at the time of the standup of the 
reference voltage VC of a power up. 
[Equation 1] 

V,( t) = v m .{l-exp(-^-t)} 
...(1) 

It is [0006] until, as for output voltage VOUT, the voltage of a capacitor C21 reaches zener voltage, since it will become 
loose as it comes out, and it is expressed and drawing 8 (a) shows. 
[Equation 2] 

... (2) 

The rush current It which flows to the output transistor Q at a power up since it goes up gently as it comes out, and it is 
expressed and is shown in drawing 8 (b) is [0007] until the voltage of a capacitor C21 reaches zener voltage. ' 
[Equation 3] 

L (t) - C^2*L = CV " . l — t ). R * +R * 

tW dt C, r R M ^ C 2l R a } R M 

... O) 

It comes out, and it is expressed and the peak value of the rush current is held down by choosing time constant C21R20 like 
drawing 8 (c). It is the voltage VZ from which reference voltage is determined as Capacitor C with the constant-voltage 
element VZ1 after charge. Since it stabilizes, output voltage VOUT is [0008]. 
[Equation 4] 

V -V R 3' 4 ' R P 

V OUT - V Zl ~ 
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It comes out and stabilizes. 
[0009] 

[Problem(s) to be Solved by the Invention] The 1st trouble is that the rush current which flows to the output capacitor C 
increases to a power up, when input voltage becomes high, as shown in (a) of drawing 9 . 

[0010] It is because the value of the rush current will become large in proportion to the value of Vin if the reason enlarges the 
value of Vin in (3) formulas. 

[001 1] Time until output voltage reaches a steady-state value is also long, and the 2nd trouble is with a bird clapper, when the 
value of time constant C21R20 of an integrating circuit is enlarged, in order to reduce the value of the rush current when input 
voltage is high, as shown in (b) of drawing 9 . 

[0012] The reason is [0013] when the value of time constant C21R20 is enlarged in (2) formulas. 
[Equation 5] 

«p(-^-t) 

It is because the time constant of ****** becomes long. 

[0014] The 3rd trouble is that the rate of rise of output voltage changes with input voltage. Therefore, when it is used in the 
area where the supply voltage whose devices are the world differed and uses this as a main power supply, it may change with 
use areas, standup sequence may change between the power supplies of other kinds in a device, and the rate of rise of output 
voltage may pose a problem of the circuit using two or more power supplies malfunctioning. 

[0015] This reason can be explained as follows. That is, it is a time of the voltage of a capacitor C21 becoming equal to the 
voltage VZ1 of zener diode that output voltage becomes default value. It is [0016] when time at this time is set to tZL 
[Equation 6] 

^4-4^'=)} 

It becomes. It is [0017] when this is summarized about time tZl. 
[Equation 7] 

It becomes. It turns out that tZl is so small that VIN is large when the right-hand side is seen. 

It is offering the constant- voltage-power-supply equipment which has the fixed output voltage rate of rise, without being 
based on input voltage while the purpose of the [purpose of invention] this invention solves the above troubles, suppresses 
them below to a fixed value, without depending the rushes current just behind powering on on input voltage, eliminates the 
bad influence to an output transistor and improves stability of operation. 
[0018] 

[Means for Solving the Problem] FET for main controls to which, as for the constant- voltage-power-supply equipment by this 
invention, the source and the drain were connected between input power and the load, The reference voltage circuit which 
consists of a constant- voltage element which specifies the maximum voltage of a capacitor and this capacitor, and a 
constant-current element which supplies a constant current to this capacitor, and makes an outputting point the node of this 
capacitor and this constant-current element, The partial pressure circuit which pressures output voltage partially, and the 2nd 
capacitor connected to a load and parallel, It is constituted by the comparator circuit which carries out the negative feedback 
control of the source current of aforementioned FET for main controls by comparing the output voltage of the aforementioned 
reference voltage circuit with the output voltage of the aforementioned partial pressure circuit, and returning a comparison 
output to the gate of aforementioned FET for main controls. It is characterized by making setting output voltage lower than 
input voltage. 

[0019] FET for main controls to which, as for the rush current prevention circuit by this invention, the source and the drain 
were connected between input power and the load, The reference voltage circuit which consists of a constant-voltage element 
which specifies the maximum voltage of a capacitor and this capacitor, and a constant-current element which supplies a 
constant current to this capacitor, and makes an outputting point the node of this capacitor and this constant-current element, 
The partial pressure circuit which pressures output voltage partially, and the 2nd capacitor connected to a load and parallel, it 
is constituted by the comparator circuit which carries out the negative feedback control of the source current of 
aforementioned FET for main controls by comparing the output voltage of the aforementioned reference voltage circuit with 
the output voltage of the aforementioned partial pressure circuit, and returning a comparison output to the gate of 
aforementioned FET for main controls. It is characterized by making setting output voltage higher than input voltage. 
[0020] The transistor for main controls to which, as for the constant-voltage-power-supply equipment by this invention, the 
emitter and the collector were connected between input power and the load, The reference voltage circuit which consists of a 
constant-voltage element which specifies the maximum voltage of a capacitor and this capacitor, and a constant-current 
element which supplies a constant current to this capacitor, and makes an outputting point the node of this capacitor and this 
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constant-current element, The partial pressure circuit which pressures output voltage partially, and the 2nd capacitor 
connected to a load and parallel, It is constituted by the comparator circuit which carries out the negative feedback control of 
the emitter current of the aforementioned transistor for main controls by comparing the output voltage of the aforementioned 
reference voltage circuit with the output voltage of the aforementioned partial pressure circuit, and returning a comparison 
output to the base of the aforementioned transistor for main controls. It is characterized by making setting output voltage 
lower than input voltage. 

[0021] The transistor for main controls to which, as for the rush current prevention circuit by this invention, the emitter and 
the collector were connected between input power and the load, The reference voltage circuit which consists of a 
constant-voltage element which specifies the maximum voltage of a capacitor and this capacitor, and a constant-current 
element which supplies a constant current to this capacitor, and makes an outputting point the node of this capacitor and this 
constant-current element, The partial pressure circuit which pressures output voltage partially, and the 2nd capacitor 
connected to a load and parallel, It is constituted by the comparator circuit which carries out the negative feedback control of 
the emitter current of the aforementioned transistor for main controls by comparing the output voltage of the aforementioned 
reference voltage circuit with the output voltage of the aforementioned partial pressure circuit, and returning a comparison 
output to the base of the aforementioned transistor for main controls. It is characterized by making setting output voltage 
higher than input voltage. 

[0022] In the constant-voltage-power-supply equipment by the [operation] this invention, after the 2nd capacitor is charged, 
FET for main controls or a transistor operates by the active region, and the constant-voltage-power-supply equipment by this 
invention outputs the stable voltage lower than input power voltage. 

[0023] Moreover, in the constant- voltage-power-supply equipment by this invention, at the time of an input power injection or 
the switch release for operation, the current of constant value flows to FET for main controls, or a transistor, and output 
voltage goes up at a fixed rate to it. The current of this constant value and the fixed rate of output voltage elevation are 
decided only from the capacity of the convention current of a constant-current element, and the capacitor of a reference 
voltage circuit, and it does not depend for them on input voltage. 

[0024] In the rush current prevention circuit by this invention, after the 2nd capacitor is charged, FET for main controls or a 
transistor operates by the saturation region, and the rush current prevention circuit by this invention outputs the same voltage 
as input power voltage. 

[0025] Moreover, in the rush current prevention circuit by this invention, at the time of an input power injection or the switch 
release for operation, the current of constant value flows to FET for main controls, or a transistor, and output voltage goes up 
at a fixed rate to it. This is decided only from the convention current of a constant-current element, the capacity of the 
capacitor of a reference voltage circuit, and the capacity of the 2nd capacitor, and is not dependent on input voltage. 
[0026] 

[Embodiments of the Invention] 

[Operation gestalt 1] drawing I is the circuit diagram showing the electric composition of the constant-voltage-power-supply 
equipment in the operation gestalt 1 , The DC power supply obtained by rectifying alternating voltage by the full wave rectifier 
etc. are shown by the sign El, and the voltage is impressed between an input terminal 2 and 3 as input voltage VIN. On the 
other hand, a load ZL is connected to output terminals 4 and 5. The input terminal 3 and the output terminal 5 are connected 
common to the grounding line GL. 

[0027] Between terminals 2-4, the source of Ql and the drain which are P channel type FET for main controls are connected 
in series between DC power supply El and the load charge ZL. 

[0028] The capacitor CI for ripple absorption and the partial pressure circuit by the series connection of resistance Rl and R2 
are connected in parallel between output terminals 4-5. 

[0029] It intervenes between the gate of Ql whose comparator circuit 6 realized by the operational amplifier etc. is Above 
FET, and the grounding line GL, and the noninverting input terminal is connected to the node of the resistance Rl and R2 
which constitutes the aforementioned partial pressure circuit. The reference voltage VREF drawn from the reference voltage 
circuit E2 surrounded and shown with a two-dot chain line is impressed to an inversed input terminal. 
[0030] Voltage VR 1 impressed to a noninverting input terminal VR1=V0UT and R1/(R1+R2) ... (4) 
It comes out. It is VOUT here. It is the output voltage obtained through Ql which is FET for main controls. A comparator 
circuit 6 compares the reference voltage VREF and voltage VR 1 which were inputted, gives the output corresponding to the 
difference voltage (VR1-VREF) to the gate of Ql which is FET for main controls, and carries out the negative feedback 
control of the Ql which is FET for main controls. That is, a series regulator is formed of Ql which is FET for main controls, a 
comparator circuit 6, and the reference voltage circuit E2. It is output voltage VOUT by a certain cause now. If it falls, the 
level of the noninverting input terminal of a comparator circuit 6 will fall, and the gate potential of Ql whose level of an 
inversed input terminal is FET for an output, therefore main controls of a comparator circuit 6 in reference voltage VREF 
since it is fixed falls by one side. For this reason, input current II which flows into Ql which is FET for main controls It 
increases, therefore is the output current 12. It increases and the fall of output voltage is compensated, and feedback control is 
performed through a comparator circuit 6 so that the level may always be kept constant. 

[003 1] here, it takes action gently with the rate of rise of a fixed inclination to suppress the rushes current at the time of the 
voltage injection stated by the term of the conventional technology below to a fixed value, without being influenced by input 
voltage, without depending the standup of output voltage on input voltage rather than changing with input voltage like 
drawing 9 (b) what is necessary is just to make it like For that purpose, what is necessary is just to start gently with the rate 
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of rise of a fixed inclination, without depending the standup of the reference voltage VREF given to a comparator circuit 6 on 
input voltage. 

[0032] The feature of this invention is in the composition and its operation of the reference voltage circuit E2 enclosed with 
the two-dot chain line, and explains this in detail below. 

[0033] The reference voltage circuit E2 consists of zener diode ZD1 which is a constant- voltage element, an integrating 
circuit 7 by the constant-current element (for example, constant-current diode) XI and the capacitor CO, and a switch 8 of 
operation so that clearly from drawing. It connects with the node of the capacitor CO of an integrating circuit 7, and the 
constant-current element XI so that the aforementioned zener diode ZD1 may become in parallel with a capacitor CO, and the 
in versed input terminal of a comparator circuit 6 is further connected to it through resistance R3. Therefore, ends voltage VC 
of a capacitor CO If not smaller than the zener voltage VZD1 of zener diode ZD1, zener voltage VZD will be impressed to the 
inversed input terminal of a comparator circuit 6 through resistance R3 as reference voltage VREF. 
[0034] If the switch 8 of operation is closed, the inversed input terminal of a comparator circuit 6 will fall to the grounding 
line GL, the ends of a capacitor CO will connect too hastily simultaneously, and reference voltage VREF, i.e., the level of the 
inversed input terminal of a comparator circuit 6, will be set to 0V. For this reason, Ql which is FET for main controls is 
output voltage VOUT between output terminals 4-5, even if un-acti vity is formed, a power supply E 1 is switched on in this 
state and input voltage VIN is impressed between input terminals 2-3. It is not drawn. The switch 8 of operation is formed by 
the analog switch, and a flow/interception of Ql which is FET for main controls are controlled by the ON/OFF through a 
comparator circuit 6. 

[0035] Since the series circuit of a capacitor CO is connected with the constant-current element XI between input terminals 
2-3 if the switch 8 of operation is opened and a power supply El is switched on, if a capacitor CO begins to be charged and 
the voltage VC of the ends sets the constant-current value of the constant-current element XI to 10 VC(t) =10 and t/CO ... (5) 
It comes out and goes up linearly from 0V by change expressed. 

[0036] Drawing 3 is the voltage of each part of constant- voltage-power-supply equipment and the wave of current by this 
operation gestalt. It explains referring to in accordance with drawing 1 . 

[0037] Drawing 3 (a) takes a voltage level along a vertical axis, and takes Time t along a horizontal axis, and they are 
reference voltage VREF and output voltage VOUT. It is a graph showing change. When input voltage VIN is impressed at 
time tO, as shown in (5) formulas, it is a capacitor CO. Voltage VC of ends It goes up linearly from 0V, without being 
influenced by input voltage. Output voltage VOUT [0038] 
[Equation 8] 

...(6) 

It comes out, and it is expressed and goes up linearly from 0V. Therefore, the charging current IC to the output capacitor CI 
[0039] F 
[Equation 9] 

I c ( t ) = Cl i^L=I_§-^-_±L 


dt °c, 


0 


... (7) 

As (b) of next door drawing 3 shows, it is suppressed by the fixed value, without being influenced by input voltage, and 
destruction of Ql which is FET for main controls can be prevented. 

[0040] When the voltage VC of the ends of a capacitor CO becomes equal to the level of zener voltage VZD1 at Time ta, 
henceforth, elevation of the voltage VC of the ends of a capacitor CO will stop, and the fixed level of zener voltage VZD1 will 
be given to the inversed input terminal of a comparator circuit 6 as reference voltage VREF. It is output voltage VOUT by 
this. It is set to the fixed level V2, and the load current 12 flows for a load ZL. 

[0041] If the switch 8 of operation is closed at Time toff, a capacitor CO is short-circuited, the level of reference voltage 

VREF is set to 0V, Ql which is FET for main controls will be intercepted, and output voltage VOUT will be set to 0V. 

[0042] In addition, the value of resistance Rl and R2 or zener diode is [0043]. 

[Equation 10] 

V -V R|+R * cV 

V OUT - RBF ^ ^ V W 

...(8) 

It is set up so that it may carry out ** satisfactory. Therefore, FET for main controls operates in an active region, and outputs 
the stable output voltage. For exampJe 3 „supposing output voltage is set as 9V by zener diode, resistance Rl, and resistance R2, 
even if input voltage will change <fb 20V fromJ^V/ output voltage is always 9V. 

[0044] It sets in the circuit of [operation gestalt 2] drawing 1 , and is the value of resistance Rl and R2 or zener diode [00451 
[Equation 11] 


»■ (9) 

When it sets up so that it may carry out ** satisfactory, it is a capacitor CO. The voltage of ends is reference voltage VZD1. 
Before reaching, when it becomes VOUT=VIN, FET for main controls will be in a saturation state (it will be in the state 
where only ON resistance between the source drains of FET was connected in circuit), and output voltage will not go up any 
more. A constant current flows to FET for main controls, and voltage rises at a fixed rate until it becomes VOUT=VIN. 
[0046] In this gestalt, if input voltage will change to 20V from 10V supposing output voltage is set as 25 V by zener diode, 
resistance Rl, and resistance R2, for example, output voltage will be the same as input voltage, and will change from 10V to 
20V. 

[0047] Therefore, it can be made to function as an analog switch with the feature that a constant-voltage-power-supply circuit / 
is changed and the rush current can be prevented by carrying out ON/OFF of the switch S8 of operation. 
[0048] [Operation gestalt 3] There is also a gestalt which uses a PNP type transistor in addition instead of P channel type FET 
for main controls currently used in the operation gestalt 1 . Since operation of this gestalt is the same as that of the operation 
gestalt 1, it omits explanation. The circuitry in this gestalt is shown in drawing 2 . This is used as a 
constant-voltage-power-supply circuit by setting up the value of resistance Rl and R2 or zener diode so that a formula (8) 
may be satisfied. 

[0049] [Operation gestalt 4] There is also a gestalt which uses a PNP type transistor in addition instead of P channel type FET 
for main controls currently used in the operation gestalt 2. Since operation of this gestalt is the same as that of the operation 
gestalt 1, it omits explanation. The circuitry in this gestalt is shown in drawing 2 . Circuitry is the same as that of the operation 
gestalt 3. It is made to function as an analog switch with the feature that the rush current can be prevented for this, by setting 
up the value of resistance Rl and R2 or zener diode so that a formula (9) may be satisfied. 

[0050] In addition, although it set in the operation gestalten 1 and 2, and P channel type FET was used as FET for main 
controls, this source is connected to an input power side and this drain is connected to a load side, N channel type FET is used 
as FET for main controls, and there is also a gestalt which connects this drain to an input power side, and connects this source 
to a load side. In addition, in the case of this gestalt, the supply voltage of a comparator circuit 6 must be more highly set up 
from voltage VOUT, and N channel type FET for main controls must be considered as switch-on. Moreover, you have to 
make polarity of the input of a comparator circuit 6 into the reverse of the operation gestalten 1 and 2. 
[0051] Moreover, although the PNP type transistor was used as a transistor for main controls in the operation gestalten 3 and 
4, this emitter is connected to an input power side and this collector is connected to a load side, a NPN type transistor is used 
as a transistor for main controls, and there is also a gestalt which connects this collector to an input power side, and connects 
this emitter to a load side. In addition, in the case of this gestalt, the supply voltage of a comparator circuit 6 must be more 
highly set up from voltage VOUT, and the NPN type transistor for main controls must be considered as switch-on. Moreover, 
you have to make polarity of the input of a comparator circuit 6 into the reverse of the operation gestalten 1 and 2 
[0052] 

[Effect of the Invention] As shown in (a) of drawing 4 , the rush current of a power up is not influenced by input voltage, but 
is restricted to a fixed value, the bad influence to FET for main controls or a transistor is prevented, and stability of operation 
improves. 

[0053] The reason is that the inclination of the charging current becomes fixed, without being based on input voltage since the 
capacitor CO of the integrating circuit which generates reference voltage is charged using the constant-current element XI. 
[0054] Moreover, as shown in (c) of drawing 4 , the rate of rise of output voltage serves as a fixed inclination, without being 
influenced by input voltage. 

[0055] The reason is the same as the 1st reason, and is because the inclination of the charging current becomes fixed, without 
being based on input voltage since the capacitor CO of the integrating circuit which generates reference voltage is charged 
using the constant-current element XI . 

[0056] Furthermore, when time when it compares with the circuit of a publication at JP,6-4157,A, until it reaches to fixed 
voltage is the same, the direction of the circuit of this invention has the small peak value of the rush current. Moreover, as 
shown in (b) of drawing 4 , when the peak value of the rush current is set constant, time until it reaches to fixed voltage is 
short. 

[0057] The reason is that the inclination of elevation of voltage is equal to the average inclination much during [ from the 
charge early stages of a capacitor CO ] just before the completion of charge. 

[0058] Furthermore, with the 2nd operation gestalt, the voltage difference between I/O can be made small and the power loss 
in FET for main controls can be made small. 

[0059] The reason is that ON resistance between the source drains of FET is small, and there are still few voltage drops 
between the source drains of FET. 

[0060] It can be made to function as an analog switch with the feature that a constant-voltage-power-supply circuit is changed 
and the rush current can be prevented by carrying out ON/OFF of the switch S8 of operation. 


[Translation done.] 


